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The desialylation ~ c~ck ~ n  m ~ s o m ~  memb~n~  ~ s  ~ e  Wan~flay~ ~s~ibution ~ ph~ph~i-  
~ .  When ~ microsom~ we~  ~e~ed wi~ n e u ~ m ~  kss phosphafidykh~e and ~ n g o m y e l i n  
co~d be hy~olysed wi~ phospholipa~ C under e x p e ~ m e ~  conditions which allowed the hydrolysis ~ ~ e  
pho~holi~ds of the e x ~ m ~  ~aflet o~y. In conffasL the a c c e ~  of phosphatidylethan~amine and 
phosphatidylse~ne ~ lhe external pro~s (~ini~obenzene s ~ n i c  acid ~ p h o s p h ~ a s e  C) was not 
~ e ~  After ne~aminida~ ~eatment of a m~rosom~ fraction, less ph~phatidykh~ine, ne~y s y n ~  
~zed t~ough the ~ f i ~ n e  pathway, co~d be hydrol~ed by pho~holipase C, w h e ~  ~ e  ~ t i o n  ~ ne~y 
~ n ~ e d  ph~phatidylethan~amine m ~ e c ~  ~ Wi~obenzene s ~ c  a~d w ~  n ~  ~ c ~  The 
~ s ~  sugge~ that ~ biolo~c~ memb~n~  ~ m e  choline ph~ph~ipid m ~  may ~ wi~  the 
~ y l  ~ d u e  of sialocompounds. Th~ interaction may con~ib~e to ~ e  m~n~nance of phospholipid 
~ymmetry ~ ~ n  membranes. 

ln~oduction 

Phospholipids are the m~or  fipid components 
of eukaryo~ membranes. In the br~n they account 
for about 50-70% of tot~ fipids [1,2] and it 
becomes more and more e¼dent that they are 
di~fibuted asymm~fic~ly in different membrane 
structure~ such as microsomes or plasma mem- 
branes [3-5]. The different functions of the nerve 
membranes requi~e spedfic fipids, hence the in- 
tramembrane di~fibufion of the different phos- 
pholipids may be of c rud~  impo~ance in the 
con~ol of the integration of any ve~ori~ process 

* To whom correspondence shoed be addressed. 
Abbre~ations: PC, phosphafidylchohne; PE, phosphatidyl- 
~hanolamine; PS, phosphafid~sefine; TNB~ trini~obenzene 
suffonic add. 

occurring in these membranes. It is therefore r~e- 
vant and impo~ant to know how asymmeffy arises 
in the membranes. The mechanism by which the 
asymm~fic di~fibufion of the fipids is produced 
and m~nt~ned  still rem~ns obscure, ~though 
recent observations suggest an important role for 
proteins in the stabifizafion of the phospholipid 
d~tfibufion [6,7]. Freysz et ~. [8,9] have repor~d 
that the enzymes involved in the de novo synthefis 
of phospholipids and in the in~rconverfion reac- 
tions are differently embedded in the microsom~ 
bilayer. HoweveL more recent ~udies by Hig~ns 
[10], Coleman and Bell [11] and Freysz et M. [12] 
have ind~ated that the rite of synthefis of PE and 
PC is loca~d on the cytoplasmic ~de of the 
endoplasmic reficulum, suggesting that these en- 
zymes may not be involved in the m~ntenance of 
the phospholipid asymmetry. Binaglia et ~. [13] 
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Fig. 1. Electron microscopy of microsomal vesicles: (a) control. and (b) after treatment with neuraminidase for 15 min as described in 

Material and Methods. x 22000. 

Effect of neuraminidase on the transverse distri- dase produced a release of sialic acid. About 22% 

bution of phospholipids in microsomal vesicles of the total glycoconjugate sialic acid was removed 

The treatment of microsomes with neuramini- after 15 min of treatment. Approx. 56% of the free 

,100 
5 
.c_ 

0 50 100 0 50 100 0 50 100 

lime (min) time min time min 

Fig. 2 (left). Hydrolysis of phospholipids of chick brain microsomes with phospholipase C of C. welchii as function of time. 

Incubations were performed as reported in Material and Methods. Percentage of total phospholipids remaining in control 

microsomes (0) and neuraminidase-treated microsomes (0). Each point is the average of three experiments. Standard deviation was 

less than 5%. 

Fig. 3 (center). Hydrolysis of phosphatidylethanolamine and phosphatidylcholine of chick brain microsomes with C. welchii 
phospholipase C as a function of time. Incubations were performed as reported in Material and Methods. Closed symbols are control 

microsomes and open symbols neuraminidase-treated microsomes w and 0, PE; 0 and 0, PC. Results represent the percentage of 

phospholipids remaining. Each point is the average of three experiments. Standard deviation was less than 5%. 

Fig. 4 (right). Hydrolysis of phosphatidylserine and sphingomyelin of chick brain microsomes with C. welchrr phospholipase C as a 
function of time. Incubations were performed as reported in Material and Methods. Closed symbols are control microsomes and 
open symbols neuraminidase-treated microsomes. n , phosphatidylserine; 0 and 0, sphingomyelin. Results represent the percentage 
phospholipids remaining. Each point is the average of three experiments. Standard deviation was less than 5%. 



fiahc add produced ofi#nmed from #ycoprot~ns 
and 44% from p~ysiMogangliosides, a ~ s d t  w~ch 
is in ag~ement with p ~ o u s  ob~rvafions [8]. 
Prolonged incubation of mi~osom~ with neu- 
rami~da~ produced a rdease of more sialic add, 
but the effect on the phospholi#d ~ r i b u r i o n  has 
not yet been ~v~figa~d.  

The ~eMment of c o n ~  mi~osom~ with 
phospholipa~ C Md to the hydr~y~s of about 
53% of the phospholi~ds ~ 30 min (Fig. ~.  No 
further degradation co~d be ob~rved up to 90 
mM. When neurami~dase-treated mi~osom~ 
were incubated with phospholipase C the h y d r ~  
sis of the phospholip~s Mso reached a ~a~au  
after 30 min, but o~y  about 46% were degraded, 
indicating that Mss phospholi#ds were acc~s~M 
m phospho~pase C. 

The determination of ~e  hydr~ysis of the &G 
ferent mi~osomM phospholi#ds by phospholi- 
pase C is reposed ~ Figs. 3 and 4. The ~ s d ~  
show that in b o ~  c o n ~  and neurami~dase- 
treated mi~osom~ ~e  hydrdyfis of PC, PE and 
sp~ngomyd~ reached a #meau after 30 min. PS 
and phosphatidylinofitol were not degraded at all, 
M ag~ement with pre¼ous observations [3], in&- 
caring that the p h o s p h ~ a s e  C used ~d  not act 
on these two phospho~#ds. The comparison of 
the hydrMyfis of the & f ~ n t  phospholip~s on 
c o n ~  and neurami~dase-treMed mi~osom~ 
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showed that PC and sp~ngomyd~ were ~ss 
a ~ f i ~ e  to the enzyme ~ d e f i ~ e d  micro- 
~ m ~ .  In neurami~dase-tre~ed mi~osom~ on~ 
about 75% of PC and 56% of sp~ngomye~n codd 
be h y d r ~ e &  versus 90% and 71% in c o n ~  
verities. Howev~, no differences ~ the accesfibfl- 
i~  of PE to ~e  phospholipa~ C were obse~e& 
the amoum hydrolysed b~ng 34 and 33% ~ r  
conu~  and neurami~dase-tre~ed mi~osomes, 
r~pectivdy. 

Moreover, when mi~osom~ were exposed to 
TNBS in non~ene~ating con~rions about 32% of 
the PE and 10% of the PS reacted wi~ the probe 
~ not show~. These ~ s ~  ~ c a ~ d  that 
the decreased a c c e s f i ~  of choline phospho~- 
p~s to the phospholip~e C may not be due to ~e  
~ t ~ n ~  of the enzyme with neurami~da~ 
because: (~  ~e  neurami~da~ was ~moved from 
• e incubation mi~ure prior ~eatment wi~ pho~ 
pholipa~ C; and (b) the hydr~yfis of phos- 
p h a t i d ~ h a n ~ a m i n e  with phospho~pa~ C was 
not a f ~ e d  by the ~e~ment of mi~osom~ with 
neurami~dase, and the amou~ of pho~hatidyl- 
~han~amine hydrolysed was fimilar to the 
amoum w~ch reacted with TNBS ~ non- 
penetrating conditions. Thus, the ~s~U sum- 
mari~d ~ Ta~e I suggest ~a t  ~ e  p~r i~  ~mov~  
of fialic add ~om the ex~rn~ fide of the micro- 
somes produced a translocarion of choline pho~ 

TABLE I 

EFFECT OF NEURAMINIDASE ON THE TRANSVERSE D~TRIBUTION OF PHOSPHOLIPIDS IN CHICK BRAIN 
MICROSOMAL MEMBRANES 

M ~ m ~ m ~  (1 mg p m t ~  w~e ~cub~ed  ~ t h  or ~ t  ~ a ~  ~ r  15 ~ n .  The determination of ~ e  ~ ~  in ~ e  
outer and inn~  ~af l~  was ~ r ~ r m ~  ~ ~ f i ~ d  by D o ~  ~ ~. [3] ~ g  p h o ~ h o h p ~ e  C of C welch# and TNBS. ~ v ~  
~ W ~  ~ e  ~ e  of t ~  ~ f ~  expefimems. ~ v ~  w ~  ~ than 10%. 

T o ~  ~ ~  
P h o s ~ d ~ n e  
~ n ~ m y ~ n  
Phosphafid~- 

~ n ~ a ~ n e  
Phosphafid~sefine 

C ~ d  ~ o m ~  
(23.4 n m ~  bound f i ~ c  a ~ d / m g  p r ~  

N ~ m ~ s e - t r e ~  ~ o m ~  
(18A n m d  bound f i ~  acid/mg p r ~  

260.3 34.0 66.0 276.2 33.0 67.0 
77.0 10.0 90.0 80.4 10.0 90.0 

whole outer inner whole outer inner 
microsomes ~afl~ ~af l~  microsomes ~aflet ~af l~ 
(nmol/mg (%) (%) ( n m ~ / m g  (%) (%) 
proton) proton) 

803.5 - - 803.5 - - 
340.3 89.4 10.6 318.2 74.6 25A 

7~3 71 A 28.6 71.3 56.3 43.7 
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TABLE II 

EFFECT OF NEURAMINIDASE ON THE DISTRIBUTION OF NEWLY SYNTHE~ZED PHOSPHATIDYLCHO~NE IN 
CHICK BRAIN MICROSOMAL MEMBRANES 

C o n ~  and neurami~dase-treated m ~ m ~  were incuba~d with CD~C~hol ine  as ~por~d by Fre~z et ~. [15,16]. The 
~actions we~ s~pped by ad~tion of Ca ~+ and the ~s~bution of ~bd~d phosphatidy~h~ine in ~e mn~ and ou~r ~aflet was 
d~mined  u~ng p h o s p h ~ e  C. Resd~ are expressed ~ pm~ PC ~ n ~ e d  per mg ~oteim Each v~ue represen~ d u p l i ~  
determinations of two ~ f ~ m  expefimem~ Standard variation was ~ss ~an 10%. 

~me ~ C o n ~  m i ~ o m ~  Neurami~dase-treated microsomes 

~cubation A: B: ratio A: B: ratio 
(min) ou~r ~aflet inn~ ~afl~ A/B om~ ~afl~ mn~ ~afl~ A/B 

15 1 489.7 188.5 7.90 1999.6 655.4 3.05 
60 3 285.7 414.0 7.94 4 999.0 1 321.0 3.78 

phol ipids  f rom the external  to the internal  leaflet, 

but  no ~ans locaf ion  of  aminophosphol ip ids .  

Effe~ of neurammidase an ~e distribution of new~ 
~n~esized phospholipids m ~h~k brain m~rosom~ 

In order to o b t ~ n  some ~ f o r m a f i o n  on the 

effect of f i ~ o ~ y c o c o ~ u g a t e s  on ~ e  ~ a n s m e m -  

brane movement  of  phospho l i~ds ,  c o n ~  and 

neuraminidase- t rea ted  m i ~ o s o m ~  were ~ c u b ~ e d  

w i ~  C D ~ C ] c h o h n e  ~r C D ~ a 4 C ] ~ h a n ~ a m i n e  

and the ~ a m e m b r a n e  locahzafion of  newly 

s y n ~ e d  PC and PE was ~ v ~ f i g ~ e &  T a b ~  II 

shows that the s y n ~ e ~ s  of PC was slightly 

enhanced ~ n e u r a m i ~ d a s ~ e a ~ d  m i ~ o s o m e s  

and ~ a t  much ~ of ~ e  newly synthe~zed m ~ e -  

cules was a c c e s ~ b ~  to p h o s p h o h p ~ e  C. In con- 

~ m i ~ o s o m ~  about  11% of the newly syn th~  

~zed PC m ~ e c d ~  were not  hydrolyzed by phos- 

pho~pase  C, whereas in n e u r a m i ~ d a s e - t r e ~ e d  

microsomes about  21-25% were not hydr~ysed .  

On the other  hand, when m i ~ o s o m ~  were 

incubated  with C D ~ 1 4 C ] e t h a n ~ a m i n e  the synthe- 

~s of p h o s p h a t i d ~ e t h a n ~ a m i n e  and the c o r r ~  

spon&ng p l a sm~ogens  was slightly reduced ~ 

n e u r a m i ~ d a s e - t r e ~ e d  microsomes.  Howe~e~ the 

percentage of newly synthe~zed ~ h a n ~ a m i n e  

phospho~pids  reacting wilh T N B S  (33% for phos- 

p h a t i d ~ e t h a n ~ a m i n e  and 31% for e t h a n ~ a m i n e  

plasmalogens)  was ~mi la r  ~ both  ~ p e s  of  micro- 

somes (Table III). These m s d ~  suggest that the 

~ m o v ~  of ~alic  a d d  m ~ e f i ~  from m i ~ o s o m ~  

~ y c o c o ~ u g a ~ s  produced a fadf i taf ion of  the 

TABLE III 

EFFECT OF NEURAMINIDASE ON THE DISTRIBUTION OF NEWLY SYNTHE~ZED ETHANOLAMINE PHOSPHOLI- 
PIDS IN CHICK BRAIN MICROSOMAL MEMBRANES 

C o n ~  and neurami~d~tre~ed microsom~ w~e ~cub~ed wi~ C D ~ 4 C ~ a n ~ a m i n e  ~ ~ported by Fmysz ~ ~. ~5A~. The 
~actions were stopped by ad&tion of Ca 2 + and ~e &stfibution of ~belled ~hano~mine phosphoh~ds ~ the ~ n ~  and ou~r ~afl~ 
was det~mined u~ng TNBS. Resd~ a~ expressed ~ pmd PE syn~e~zed per mg proteim Each v~ue represents d u p l ~ e  
de~rminations of two & f ~ n t  experiments. Standard variation was ~ss than 10%. 

~me of Cornel m i ~ o m ~  Neu~minidase-treated microsomes 
~cubation A: B: ratio A: B: ratio 
(min) ou~r ~afl~ inner ~afl~ A/B ou~r ~aflet ~ner ~afl~ A/B 

Phosphatidylethanolamine 
15 552~ 269.9 2.04 496.1 236.7 2.10 
60 749.4 389.6 1.92 589.2 290.2 2~9 

EthanoNmine pNsmNogens 
15 252.1 108.7 2.32 230~ 99.6 2.31 
60 373.1 168.5 2.21 276.3 127.8 2.16 



~ans~r of newly synthes~ed m ~ e c ~  of PC but 
not of PE from the outer to the inner ~afl~ of the 
microsom~ ~e~des. 

D ~ c u s ~ o n  

The m~n question regarding the phospholipid 
asymm~ry in biolo~c~ membranes concerns the 
mechanisms involved in the generation and m~n- 
tenance of this asymm~ry. Since the asymm~ry is 
not an inherent charac~ristic of phospholipid 
bilayers except in ~posomes [17,18~ it should be 
assumed that the interaction of the fipids with 
other membrane componen~ may play a de- 
termining role in the m~ntenance of the trans- 
verse di~fibufion of phosphofipids. Many proteins 
require spedfic phospholipids for thor ma~m~ 
biolo~c~ acfi~ty, and therefore the intfin~c lo- 
ca~zation of protons in membranes and thor 
interaction with fipids may be of great impor- 
tance. Numerous ~udies [4,19-2~ on hpid-pro- 
tein infraction have shown that the la~r~ diffu- 
Mon and the transverse ~anslocation of pho~ 
phofipids are affected by protons. However the 
mechanisms which con~ol these movements still 
rem~n unclear. The phospholipids m~y in~ra~ 
with protons Other through thor polar head group 
and/or  through the apolar moiety of thor ac~ 
ch ins  [23]. The present resul~ show thaL in mi- 
crosom~ ve~des treated with neuraminidase, ~ss 
PC and sphingomydin were hydrolysed by pho~ 
pholipase C, whereas the accesMbifity of PE and 
PS to this enzyme or to TNBS was not affe~e& 
The data suggest that the remov~ of ~alic add 
reMdues ~om the microsom~ membrane produces 
a translocation of PC and sphingomyelin mole- 
cules from the outer to the inner ~afl~, but has 
no effect on the transbilayer movements of PE 
and PS molecules. 

Since ~alic add and chofine have o p p o ~  
charge~ the fi~o~ycoco~ugates and choline 
phosphofipids may form decVo~afic infractions 
which may pa~idpa~ in the asymmetric m~nt~  
nance of the phosphofipids in membranes. How- 
eve~ the ratio of fialic add refidues to chofine 
refidues is about 1-35 in microsom~ membranes, 
indicating that all the chofine phosphofipid mole- 
cules cannot in~ra~ with the fi~yl refidues. 
Therefore other mechanisms fike hydrophobic in- 
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~ractions may be inv~ved ~ the m~n~nance of 
the phosphofi~d asymmetry. Such infractions 
have been ~u~ed in fiposom~ and b~lo~c~ 
membran~ and various ~ s  on thor physico- 
chemic~ prop~fi~ have been ob~rved [24-26]. 
The ~e~ment of mi~osom~ with neurami~da~ 
produced asi~o-compounds w~ch may ~ u r b  
the o r g a ~ z ~ n  of the bilayer. Thompson et ~. 
[27] reposed that gangfiosides are &~ributed ran- 
domly ~ membrane b~ayers, wh~eas afi~o~y- 
colip~s are largdy concentrated in a phas~sep- 
arated dom~n sys~m fike du~e~.  Such a phase 
~anfition b~ween gangliofid~ and afi~o~yc~i- 
pids may produce a ~arrangement of the phos- 
phofipid bilayer and ~pe~ally of those phos- 
phofipids ~c~ed in the noghbourhood of the 
f i ~ o ~ y c o c o ~ u g ~ .  T~s hypothesis wood imp~ 
that the f i ~ o ~ y c o c o ~ u g ~  are p r e ~ n t i ~  
surrounded with c h ~ e  phospholipids. Nev~th~ 
~ss, whoever the nature of the interactions be- 
tween fi~o~ycoco~ug~es and phosphofipids in 
b i~o~c~ membran~ may be, it seems fikdy that 
the ganghofides and/or  the fi~o~ycoprotons may 
contribute in pan to stabifize the pofifion of 
chofine phosphofipids in the oumr leaflet of mi- 
crosom~ verities. The question as to whether 
chofine phosphofipids in~ra~ p ~ r e n t i M ~  with 
fi~oglycoli~ds or fi~o~ycoproteins rem~ns un- 
saved. In the hypothesis of an de~ro~afic int~- 
action b~ween the ~afic add ~ d u e s  of ~ o -  
~ y c o c o ~ u g ~  and choline phosphofipid~ it 
seems l~dy  that PC and sphingomyefin wood 
p ~ r e n t i ~  ~ r a ~  with the ~ re,dues of 
gangliosid~, which have in g e n ~  a pofifion 
much closer to the p~ar head group of pho~ 
phofipids than those of f i ~ o ~ y c o p r o ~ s  ~ bio- 
~ c ~  membrane. 

The microsom~ ~actions prepared from chick 
br~n showed the properties of fractions enriched 
in endo~asmic r e t ~ u m  [3]. The assay of some 
mark~ enzym~ showed a tittle contamination 
with plasma membranes [3], which are known to 
contain high amoun~ of fi~o~yco~uga~s, mostly 
~c~ed  in the ex~rn~ ~aflet [28]. Therefore the 
effect of the ~mov~ of f i ~  refidues from mem- 
brane componen~ on the transbHayer movement 
of choline phospholipids may be re~ricted essen- 
tially to the phsma membrane. Howev~, ~cent 
investigations ~ve~ed the presence of fi~o~yco- 
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conjugates in in~acellular membranes [28], and 
thus the resul~ obt~ned with a microsom~ ffa~ 
fion may represent an indication of the overall 
transbflayer movement in these dif~rent mem- 
brane verities. 
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